Abstract. Uridine diphosphate (UDP)-gluoose 4-epimerase (EC 5.1.3.2) has been purified over 1000-fold from extracts of wheat germ by MnCl, treatment, (NH4)2SO4 fractionation, Sephadex column chromatography, and adsorption onto and elution from calcium phosphate gel. The enzyme has a pH optimum of 9.0. Km values are 0.1 mM for UDP-D-galacitose and 0.2 mm for UDP-D-glucose. NAD is required for activity; Ka = 0.04 mm. NADH is an inhibitor striotly competitive with NAD; Ki = 2 AM. Wheat germ also oontains UDP-Larabinose 4-epimerase (EC 5.1.3.5) and thymidine diphosphate (TDP)-glucose 4-epimerase which are distinct from UDP.glucose 4-epimerase.
UDP-D-xylose (5, 13) , and UDP-D-glucuronic acid (5) ; although prelliminary work suggests that distinct enzymes are responsible for these reactions, this has not yet been demonstrated conclusively. In addition, extracts from higher plants ca;talyze the 4-epimerization of TDP-D-glucose (12) .
In this paper we describe the purification of UDP-glucose 4-epimerase from wheat germ and show that this tissue contalins separate enzymatic activity responsible for the 4-epimerization of TDP-D-glucose and UDP-D-xylose.
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Materials and Methods
Raw wheat germ was obtained from Walnut Acres, Penn's Creek, Pennsylvania. Sephadex G-75, UDP-D-glucose and TDP-D-glucose labeled with 14C in the D-glucosyl moiety were purchased from Calbiochem. UDP-D-xylose labeled with 14C in the D-xylosyl moiety was prepared according to Ankel and Feingold (1) . Enzyme grade ammonium sulfate was a product of Man.n Research Laboratory. Calcium phosphate gel was obtained from Nutritional Biochemical Corporation. Glucostat was purchased from Worthington Biochemicall Corporation.
All other chemicals, unless otherwise noted, were of reagent grade and were obtained from commercial sources.
D-Galactose dehydrogenase (EC 1.1.1.48) and L-arabinose dehydrogenase (EC 1.1.1.46) were prepared from Pseudomonas saccharophila (3) . UDP 
Results
Enzyme Purification. The enzyme purification is summarized in table I. Over 1000-fold purification was achieved, with recovery of about 10 % of the initial activity. The final specific activity of the enzyme was 0.75, which is slightly higher than the specific activity reported for the enzyme from calf liver (10) but much lower than that of E. coli (16) or yeast enzyme (4) .
Reaction Products and Equilibrium Constant. UDP-D-glucose labeled with 14C in the D-glucosyl moiety was incubated for 12 hr with calcium phosphate gel eluate in the standard 2-step assay reaction mixture except that the final volume was 50 pil. pH Optimum. UDP-Glucose 4-epimerase has a sharp pH optimum at 9.0 (Fig. 1) .
Relationship Between Substrate Concentration atnd Reaction Rate. The effect of substrate concentration on the reaction rate starting fronm either UDP-D-galactose or UDP-D-glucose -is show'n in arabinose upon prolonged incubation; however, the UDP-L-arabiniose 4-epimerase activity of this fraction is negligible when assayed a,s described under Methods. Accordingly, less purified fractions were examined in order to compare the properties and distribution of the UDP-glucose 4-epimerase and UDP-L-arabinose 4-epimerase in wheat germ extracts. The MInCl, supernatant was fractionated as described between 20 and 40 % (NH4)2SO4 saturation; the resultant supernatant fluid was not discarded as in the usual purification scheme but was further fractionated between 40 hand, the UDP-L-arabinose 4-epimerase activity of the 40 to 60 % j(NH4)2SO0 fraction was relatively high. The ratio of specific (and total) activity with UDP-D-glucose to that with UDP-D-xylose was approximately 1i5O in the 20 to 40 % '(NH4)2S04 fraction, while it was 1 in the 40 to 60% (NH4)2SO4 fraction. Furthermore, UDP-glucose 4-epimerase activity in both fractions was affected identically by NAD and charcoal treatment, which had no effect on UDP-L-arabinose 4-epimerase activity.
When the 20 to 40 % (NH4)2S0 fraction was examined with either the 2-step assay or by use of '4C-labeled TDP-D-glucose in the presence of NAD, no TDP-glucose 4-epimerase activity could he detected. However, the 40 to 60 % (NH.,)2SO fractionl had appreciable activity, equivalent to a specific activity of 6 X 10-4 as determined by the 2-step assay with an initial incubation period of 5 nmin at 30'. That this activity was due to TDP-glucose 4-epimierase was shown by the presence of 'Clabeled galactose in additioll to 14C-labeled glucose in a lhvdrolvzate of a reaction miixtture wkhich in-itiallv contained 14C-labeled TDP-D-glucose and 40 to 60 % (NH4)2SO4 fraction.
Discussion
The UDP-glucose 4-epimerase of wheat germ is similar to that of mammalian tissues in its requiremen,t for NAD and its inhibition by NADH (15) . In wheat germ also the reaction's are catalyzed by different enzymes. This is shown by: A) the distribution of enzyme activity in ammonium sulfate fraction,s, the ratio of UDP-glucose to UDP-L-arab- glucose and UDP-L-arabinose epimerized by the same enzyme, one would expect to find both activities in fractions containing UDP-L-arabinose 4-epimerase; thus our results suggest that these 2 activities likewise are attributable to separate enzymes. Since UDP-glucose 4-epi'merase requires NAD and is inhibited bv NADH, the ratio of NADH/NAD could play a role in controlling the conversion of UDP-D-glucose to UDP-D-galactose in higher plants, increasing the activity of the enzyme when this ratio is low, and decreasing it when it is high. A similar effect of the NADH/NAD ratio of UDP-glucose 4-epimerase in L-cells has been suggested by Robinson et al. (14) . UDP-L-arabinose 4-epimerase, on the other hand, is not under this conitrol, since its activity is not enhanced by NAD. If this 4-epimerase is similar to UDP-glucose 4-epimerase in its reaction mechanism, it probably has tightly bound NAD, like the UDP-glucose 4-epimerase of Saccharomyces fragitis (4, 11, 16) . This aspect is at present under investigation.
